We present systematic investigations of the electronic and magnetic properties of the graphene/Ni(111) system by means of x-ray absorption spectroscopy (XAS) and magnetic circular dichroism (XMCD) at the Ni L 2,3 and C K absorption edges. The XAS C 1s → π * , σ * spectra show dramatic changes as the angle, α, between the electrical vector of light and normal of the sample is varied reflecting the symmetry of the final state (σ or π). XMCD spectra reveal an induced magnetic moment of the carbon atoms in the graphene layer. Our experimental results are discussed in the light of previous results on the observation of induced magnetism in non-magnetic materials.
Graphene, a single atom layer of hexagonally coordinated carbon (sp 2 -hybridized), has been found to exhibit exciting physical properties [1] . Among them a long electronic mean free path and negligible spin-orbit coupling in graphene lead to large spin relaxation times, which render this material ideal for ballistic spin transport. Graphene-based spin electronic devices possess a tremendous potential for high-density non-volatile memories, reconfigurable electronic devices and, possibly, solid-state quantum computing elements [2, 3] . One of the potential application of graphene is as a junction layer in spin-filtering devices [4] .
Such devices will require new materials to overcome some of the major problems currently hindering progress, such as low spin injection efficiency [5, 6] .
Here we present a study of the electronic and magnetic properties of the graphene/Ni (111) interface by means of photoelectron spectroscopy, angle-resolved x-ray absorption spectroscopy (XAS), and x-ray magnetic circular dichroism (XMCD) at the Ni L 2,3 and C K absorption edges. The XAS C 1s → π * , σ * spectra show pronounced changes as the angle, α, between the electrical vector of light and plane of the sample is varied reflecting the symmetry of the final state (σ or π). XMCD reveals an induced magnetic moment of the carbon atoms in the graphene layer. Obtained experimental results are compared with recent observations of induced magnetism in non-magnetic materials and magnetic moment of carbon atoms in the graphene layer is estimated.
The present experiments on the graphene/Ni(111) system were performed at room temperature at the D1011 beamline of the MAX-Lab (Lund, Sweden). The base pressure in the experimental station is 5 × 10 −11 mbar. A well-ordered graphene/Ni(111) system was prepared according to the recipe described in Refs. [7] [8] [9] . LEED and STM investigations of the graphene/Ni(111) system reveal a high quality of the system [ Fig. 1(a,b) ]. Photoemission spectra were obtained with SCIENTA200 energy analyzer with energy resolution of 100 meV. XAS and XMCD spectra were collected at both Ni L 2,3 and C K absorption edges in partial and total electron yield modes (PEY and TEY) with an energy resolution of 100 meV. Magnetic dichroism spectra were obtained with circularly polarized light (degree of polarization is P = 0.75) at different angles α in the remanence magnetic state of the graphene/Ni(111) system after applying of magnetic field of 500 Oe along the < 110 > easy magnetization axis of the Ni(111) thin film. and C 1s → σ * transitions, respectively, of core electrons into π * and σ * orbitals [10] .
Comparison of the spectra collected for pure graphite and the graphene/Ni(111) system (Fig. 2 , upper panel and [10] ) shows that the XAS C 1s → π * σ * spectrum is changed drastically indicating strong chemisorption in the later case. The same effects (but not so pronounced as in the present case) were recently observed for the graphene/Rh (111) and graphene/Ru(0001) interfaces [11] . The present XAS spectra of graphene/Ni(111) can be compared (to some extent) with the recently calculated C K-edge electron energy loss spectra of this system [12] . This analysis allows to assign the first peak in the 1s → π * XAS spectra at 285. originating from C p z -Ni p x , p y , 3d hybridization and corresponding to a bonding between the two carbon atoms, C-top and C-f cc, which involves the nickel interface atom. In case of the XAS C 1s → σ * theory also correctly describes the shape of the absorption spectra [12] . previously published experimental values [13, 14] .
The most important finding within this experiment is however the observation of the relatively large XMCD contrast at the C K absorption edge. The C K XMCD spectrum reveals that the major magnetic response stems from transitions of the 1s electron onto the π * -states, while transitions onto the σ * -states yield practically no magnetic signal indicating that only the C 2p z orbitals are polarized which hybridize with the Ni 3d band. This is because the sharp structure at the 1s → π * absorption edge is originated from hybridized C p z -Ni 3d and C p z -Ni p x , p y , 3d states (see earlier discussion and [12] ).
At the K edge, transitions occur from non-spin-orbit split 1s initial states to 2p final Photon Energy (eV) states. Thus, XMCD at the K edge provides only the information on the orbital moment [15, 16] . On the basis of these observations we can conclude from the negative sign of the XMCD signal, that the orbital moment of the carbon atoms in the graphene layer is aligned parallel to both spin and orbital moments of the nickel substrate. The orientation of spin and orbital moments of both Ni and C is not straightforward evident from the experimental XMCD data.
Recently, two systems where induced magnetism on carbon atoms were under study.
In the first one, Fe/C multilayers, the clear magnetic signals of carbon were obtained by exploiting the standing-wave technique [17] . In this system hysteresis loop of individually excited C atoms demonstrate ferromagnetism of carbon at room temperature with a moment of 0.05 µ B induced by adjacent Fe atoms. It was found that experimentally determined value is large than that (0.02 µ B ) estimated previously [18] . Thus, magnetism in the Fe/C multilayered system was related to the hybridization of the Fe 3d orbitals and the C p z orbitals which are normal to the graphene-type layered sp 2 -coordination. In the second system the magnetic properties of carbon nanotubes on ferromagnetic Co substrate were studied [19] . It was shown that carbon nanotubes can become magnetized when they are in contact with magnetic material. Spin-polarized charge transfer at the interface between a flat ferromagnetic metal substrate and a multiwalled carbon nanotube leads to a spin transfer of about 0.1 µ B per contact carbon atom.
In conclusion, the electronic structure and magnetic properties of the graphene/Ni(111) system were studied by means of XAS and XMCD at the Ni L 2,3 and C K absorption edges.
The XAS C 1s → π * , σ * spectra show pronounced changes upon a variation of the angle between the electrical vector of the light and the normal of the sample that reflects the symmetry of the final states (σ or π). X-ray magnetic circular dichroism experiments reveal an induced magnetic moment of the carbon atoms in the graphene layer. This magnetic moment originates from the strong hybridization between C π and Ni 3d valence band states.
Obtained experimental results are compared with the previous experimental observations of the induced magnetism in non-magnetic materials.
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